Aim-To investigate the performance of routine neonatal and 6 week examinations for detecting congenital heart disease. Methods-A retrospective review of findings on clinical examination was conducted of a cohort of live born infants with congenital heart disease in one health region in 1987-94 Results-Of 1590 babies with congenital heart disease, 523 (33%) presented before neonatal examination because of symptoms or non-cardiac abnormalities. 1061 underwent routine neonatal examination which was abnormal in 476 (45%), but only 170 were referred directly for diagnosis. Of 876 discharged with no diagnosis, 306 presented or died undiagnosed before 6 weeks. At 6 weeks 252 of 569 babies underwent a second routine examination which was abnormal in 164 (65%). Conclusions-Routine neonatal examination fails to detect more than half of babies with heart disease; examination at 6 weeks misses one third. A normal examination does not exclude heart disease. Babies with murmurs at neonatal or 6 week examinations should be referred for early paediatric cardiological evaluation which will result either in a definitive diagnosis of congenital heart disease or in authoritative reassurance of normal cardiac anatomy and function. (Arch Dis Child Fetal Neonatal Ed 1999;80:F49-F53) 
Unrecognised neonatal heart disease carries a serious risk of avoidable mortality, morbidity, and handicap. 1 Examination before first discharge from hospital and of infants at 6 weeks of age for signs of congenital heart disease is recommended in Health for All Children. 2 We have already shown that most obstructive left heart malformations are not detected by these two examinations. Even when an abnormality (usually a murmur) is found, action is frequently not taken. 3 We have now examined the performance of these two routine examinations in detecting all congenital heart disease within a large, geographically defined, population over a period of eight years.
Methods
We undertook a retrospective study of all cases of structural congenital heart disease diagnosed by the age of 12 months in babies live born in the northern health region of the UK between 1987 and 1994. This region covers a resident population of approximately 3.1 million in the counties of Cumbria, Northumberland, Tyne and Wear, Cleveland and Durham. Babies from south Cumbria are referred to another region and were excluded from this study. Cases were identified from the Northern Regional Congenital Abnormality Survey which was established in 1985 and which has collected cumulative records of all congenital malformations aVecting babies born to mothers resident in the study population. A detailed description of its methodology has been published before. 4 A separate northern regional survey of perinatal, late neonatal, and infant mortality allowed babies with cardiovascular malformations who died before a cardiological diagnosis was made, to be identified. 5 Data on total births were obtained from the OYce of National Statistics.
Congenital heart disease was taken to be "a gross structural abnormality of the heart or intrathoracic great vessels that is actually or potentially of functional significance," as defined by Mitchell et al. 6 Babies were included only if congenital heart disease was confirmed by echocardiography, cardiac catheterisation, surgery or necropsy, and cases were considered undiagnosed until diagnosis was made by one of these methods, even though the possibility of heart disease might have been recognised before this. Babies with isolated cardiac arrhythmias, patent ductus arteriosus complicating prematurity, and those with dilated cardiomyopathy and other acquired heart disease were excluded from analysis to permit comparison with previous studies. All babies presenting beyond the age of 12 months were also excluded, in line with most population based epidemiological studies, because most clinically significant heart disease will have presented by this age. Two exceptions are atrial septal defect and patent ductus arteriosus which are included, although they are not really representative of the whole group of infants and children with these abnormalities-many such babies underwent evaluation because of other malformations or dysmorphic features rather than because of signs or symptoms on routine examination.
The precise diagnosis was recorded. Babies with more than one cardiovascular abnormality were classified according to the malformation which precipitated presentation and which required earliest intervention. 7 8 For example, a baby with double inlet left ventricle and coarctation of the aorta was classified by the latter abnormality even though the former was the more severe malformation and more significant in determining the long term outcome. Details of routine neonatal examination were sought by retrospective review of the notes from the hospital where the baby had been born, the paediatric cardiology case notes, and the perinatal mortality survey records. For the purposes of this study a routine neonatal examination was taken to be the examination of a newborn baby before first discharge from hospital after birth, when the baby was assumed to be normal at the start of the examination. Such examinations were performed almost exclusively by paediatric senior house oYcers. Detailed examination of a baby to whom medical attention was drawn because of illness or abnormality was not considered a routine neonatal examination. All babies with other major non-cardiac malformation, lethal trisomy (13 or 18), urgent surgical abnormalities (such as oesophageal atresia), or babies who were significantly preterm (<1750 g or < 35 weeks of gestation) were excluded from general analysis on the grounds that our definition precluded a routine examination. Babies with Down's syndrome and all babies with an antenatal diagnosis of congenital heart disease were excluded for the same reason.
We attempted to trace results of examination at 6 to 8 weeks in all babies unless congenital heart disease had already been diagnosed, or the baby was under general paediatric follow up for suspected heart disease, before that age. We refer to this as the 6 week examination for the purposes of this report.
Results
Between 1987-94 300 102 babies were live born in the northern health region. Of 1590 who were found to have heart disease before the age of 12 months (table 1) , we excluded from analysis 363 (23%) for the reasons 1) . Of the remaining 1227 babies who were eligible for neonatal examination, 155 became symptomatic and were referred, and another five died undiagnosed, before routine neonatal examination. Thus 523 of 1590 (33%) were diagnosed before routine examination, leaving 1067 in the study (fig 1) . Figure 1 shows the progress of each baby through the process of postnatal assessment. Of 1067 babies now known to have had congenital heart disease diagnosed in infancy and who underwent routine neonatal examination, 876 (82%) had been discharged undiagnosed. General paediatric follow up had been arranged for 291 of the 306 recognised at the time as possibly having congenital heart disease. We found no evidence that the detection rate in the four units providing neonatal intensive care services to the region (220 of 475 cases, or 46%) was any better than that of small units (256 of 586 cases, or 44%).
By 6 weeks of age, 570 babies (54%) remained undiagnosed, of whom 193 had been recognised at neonatal examination and were under general paediatric review. By 12 weeks of age, 379 babies (36%) remained undiagnosed, 166 of whom had been recognised and were still under paediatric review.
We were unable to trace details of a neonatal examination in six of 1067 babies (0.6%). Details of the 6 week examination were sought only in the 377 babies who were neither diagnosed nor under paediatric review by that age, but details of the examination could not be traced in 125 (33%).
During the first year of life 21 babies died before diagnosis and a cardiovascular malformation was identified only at necropsy (fig 1) . In 19 of 21 the malformation was suYcient to account for death.
Five died within 24 hours of birth-two with transposition of great arteries, one with hypoplastic left heart, one with coarctation of the aorta, and one baby who died from a non-cardiac cause, had a ventricular septal defect.
Four babies died between neonatal examination and discharge from hospital-two had a murmur before death (one with tetralogy of Fallot and one with hypoplastic left heart), and in two there were no data available (one with hypoplastic left heart and one with coarctation of the aorta).
Nine babies died between discharge and 6 weeks of age-three with interruption of the aortic arch, three with coarctation of the aorta, and one each with hypoplastic left heart, pulmonary stenosis, and pulmonary atresia. All died within three weeks of birth, either suddenly at home or after presenting to hospital in extremis following a short rapid deterioration.
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group.bmj.com on June 22, 2017 -Published by http://fn.bmj.com/ Downloaded from sustained a sudden infant death and was found to have an atrial septal defect at necropsy. Figure 1 shows that one of these babies (with aortic stenosis) had been recognised as abnormal at both the neonatal and 6 week examinations.
Our data do not suggest that severe heart disease is any easier to detect on routine examination than less serious heart disease ( fig 2) . Table 2 shows the mode and timing of diagnosis by individual diagnostic group. The neonatal examination was abnormal in 0% to 73% of babies, with the lowest prevalence of murmurs in atrial septal defect and total anomalous pulmonary venous connection and the highest in aortic stenosis, pulmonary stenosis, truncus arteriosus and tetralogy of Fallot. The examination was abnormal in 49% of babies with a ventricular septal defect but in only 16% of those with a complete atrioventricular septal defect. Most abnormalities detected at neonatal examination were murmurs but the higher abnormality rates for transposition of the great arteries and pulmonary atresia reflect the detection of cyanosis. Figure 3 shows the numbers and the spectrum of abnormalities diagnosed at each stage.
Babies with Down's syndrome and heart disease were not part of the main study cohort (see methods) but are described here for completeness. Of 107 babies, nine were preterm, five had urgent surgical problems, and in five heart disease was recognised antenatally, leaving 88 with "isolated" Down's syndrome. As babies with Down's syndrome have a high prevalence of heart disease, 9 the neonatal examination cannot be regarded as routine. Despite this, the cardiovascular abnormalities in this group were not readily detected. Only 41% had a clinical cardiovascular abnormality (almost always a murmur) on neonatal examination (table 3) . Many babies were referred for early assessment and echocardiography simply because of Down's syndrome, yet 34% remained undiagnosed by 6 weeks of age and 24% by 12 weeks (table 3) .
Discussion
Cardiovascular malformation is the most common group of congenital malformations. The prevalence at live birth diagnosed in infancy in this study was 5.3 cases per 1000 live births. This is consistent with previous large studies using similar methodology. [10] [11] [12] Our register of live born congenital heart disease was set up in 1990 with prospective ascertainment of all cases since then but retrospective ascertainment of cases in 1987-9. We are confident of complete ascertainment of all cases of complex or clinically significant heart disease throughout this study, but there was probably some under ascertainment of minor heart disease in [1987] [1988] [1989] . Recent prospective studies, with ready availability of early echocardiographic examination, have shown a higher of prevalence of live born heart disease, almost all of which is accounted for by the detection of more small ventricular septal defects. [13] [14] [15] Early recognition of congenital heart disease is important because clinical presentation and deterioration may be sudden 2 and some treatable defects may even cause death before diagnosis. 3 16 Furthermore, in some cases early diagnosis can avoid irreversible pulmonary vascular disease. Clinical examination for signs of cardiovascular malformation is part of the recommended examination of neonates and 6 week old infants. 2 We found that only 45% of babies with a cardiovascular malformation were considered to be abnormal on neonatal examination and in only 16% did the clinical findings lead to a This will result either in a definitive diagnosis of congenital heart disease or in authoritative reassurance of normal cardiac anatomy and function + Babies with Down's syndrome have a high prevalence of congenital heart disease and all should be referred for early echocardiographic examination.
diagnosis before discharge from hospital. Seventeen babies passed as normal on routine neonatal examination later developed symptoms and were diagnosed before discharge home. One third of these had duct dependent lesions. With the trend to increasingly early discharge after delivery, such babies will be more likely to develop symptoms at home rather than when still on a postnatal ward. Of the babies discharged home undiagnosed, 35% were diagnosed by 6 weeks of age and 57% by 3 months. If every baby who was found to have signs or symptoms of congenital heart disease had been examined echocardiographically within four weeks of the abnormality first being noted, 58% could have been diagnosed by the time of the 6 week examination and 76% by three months. The nine babies who died undiagnosed between discharge and six weeks, would still not have been diagnosed in life as no signs of illness had been noted until immediately before death and all died before 4 weeks of age. However, one baby with aortic stenosis would have been diagnosed alive before six weeks instead of dying undiagnosed after 12 weeks.
In a previous study we showed that undiagnosed conditions most likely to lead to death soon after discharge from hospital were hypoplastic left heart, interruption of the aortic arch, and coarctation of the aorta. 3 In the present study there was no relation between the likelihood of detection of abnormality and infant mortality for individual diagnoses ( fig  2) . The main implication of this finding is that a normal neonatal examination does not exclude serious or life threatening cardiovascular malformation. As about half of the babies noted to have murmurs in the first few days of life have structural heart disease, 13 early referral of all such babies for cardiological assessment and echocardiography should be encouraged. We consider that continued local paediatric follow up in the absence of a confirmed diagnosis inappropriate. 1 Many babies with life threatening cardiovascular malformation will have presented by 6 weeks of age (including all those with hypoplastic left heart or interruption of the aortic arch). However, in our study 27% of babies with coarctation were still undiagnosed by 6 weeks of age, and even by 3 months, 20% were still undiagnosed. Similarly, two thirds of babies with aortic valve stenosis were not diagnosed by six weeks and 45% by 12 weeks.
Data from the six week examination are not easily amenable to retrospective study. In many health districts there is no centralised record keeping. Despite an extensive search and good cooperation from local community paediatric departments, we could trace the results of the 6 week examination in only two thirds of the babies in whom we were interested. Even when an abnormality was suspected at the 6 week examination, this did not always lead to early diagnosis: only a third of those undiagnosed by six weeks were diagnosed by 12 weeks of age. Because about one quarter of babies noted to have a murmur at the six week examination have an underlying cardiovascular malformation, 17 we recommend the need for early referral. 1 Early diagnosis of heart disease in Down's syndrome is important firstly because both the parents and the paediatrician need to know the implications of the heart defect. Secondly some major malformations with pulmonary hypertension may show no signs and may progress to irreversible pulmonary vascular disease before the heart defect has been recognised. 2 Despite this we found that in a third of babies with Down's syndrome and heart disease no diagnosis had been made by 6 weeks and a quarter remained undiagnosed as late as 3 months of age.
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